Introduction and hypothesis The aim of the current study was to determine if sonographic bladder wall thickness diminishes after symptomatic obstruction is resolved in female patients after stress incontinence surgery. Methods Between December 2008 and December 2010, 62 female patients with symptomatic bladder outlet obstruction, as defined by Blaivas, who had undergone prior surgery for urinary stress incontinence were included in the study. The patients' history was taken and symptoms were noted. Patients underwent gynaecological examination, and multichannel urodynamic assessment was performed. Vaginal sonographic assessment of the bladder wall thickness (BWT) was performed before and after urethrolysis. Results 62 patients were included in this study, 55 of whom had undergone suburethral sling insertion and seven had Burch colposuspension. Postoperatively, BWT decreased significantly from 9.1 mm±2.1 to 7.6 mm±2.2 (p<0.0001). In seven patients, obstruction was still unresolved postoperatively; of these, two had undergone a retropubic sling insertion and two had a Burch colposuspension. An ROC curve analysis showed a significant positive association between residual urine and persistent obstruction before surgery (AUC 0.76, 95%CI 0.58-0.94; p<0.05). Conclusions If obstruction is resolved, bladder wall thickness decreases. Preoperatively elevated residual urine may increase the risk of persistent obstruction after urethrolysis.
Introduction
In patients with urinary incontinence, clinical assessment including history and physical examination has been shown to be an ineffective method of assessing women with lower urinary tract dysfunction, therefore the bladder has been described as an "unreliable witness" [1, 2] . Urodynamic assessment of these incontinent patients may be costly, time consuming, invasive, and sometimes inaccurate [3] [4] [5] . Measurement of bladder wall thickness using transvaginal ultrasound has previously been shown to discriminate between women with confirmed detrusor overactivity and those with urodynamic stress incontinence [6] .
It has been reported that the bladder wall thickness of women with detrusor overactivity is greater than in asymptomatic women [7] . The assessment of bladder wall thickness allows an indirect measurement of the detrusor muscle thickness and provides an indication of the likelihood for DO. The utility of ultrasound imaging of the bladder wall is becoming increasingly important to those interested in urogynecologic diagnosis and treatment. The assessment of bladder wall thickness (BWT) is considered a useful additional tool when investigating women with lower urinary tract symptoms (LUTS) [5] .
Various techniques have been suggested to date. A recent study has suggested that BWT, as measured by an automated device, correlates well with results from a conventional handheld device when both use the abdominal approach [8] .
Previous studies have advocated the transvaginal approach using transvaginal probes [5, 6] while others prefer perineal or introital sonography [9] .
Our group has recently shown that the vaginal measurement of BWT is the most reliable [10] compared to abdominal or perineal measurements.
Voiding dysfunction has been estimated to occur in 2.5-24% of patients following surgery to correct stress urinary incontinence [11] . The rates of bladder outlet obstruction are reportedly 5-20% following the Marshall-Marchetti-Krantz procedure [12, 13] , 4-7% after the Burch colposuspension, [14, 15] and 5-7% after needle suspension [16] .
With the tension-free vaginal tape (TVT), previous studies have shown that postoperative outlet obstruction occurs with an incidence of 4.9-10% [17] . To date, no data are available investigating sonographic bladder wall thickness in obstructed patients after the obstruction is resolved. The aim of the current study was to determine if BWT diminishes after obstruction is resolved in female patients after they have undergone stress incontinence surgery.
Methods
Between December 2008 and December 2010, all patients with symptomatic bladder outlet obstruction, as defined by Blaivas [18] , who had undergone prior surgery for urinary stress incontinence and agreed to participate were included in this study.
Blaivas [18] defines obstruction in a nomogram as the relation of the free urinary flow (ml/sec) to the micturition pressure pdet assessed during pressure-flow studies.
Ethical consent was obtained from the local ethics committee (KEK Bern), and patients gave consent to participate.
The patients' history was taken, and symptoms were noted. Patients underwent gynaecological examination, and urodynamic assessment was performed using multichannel urodynamic systems according to ICS recommendations [6] . The patients were in the sitting position for the urodynamic studies [19] .
Cystometry was performed in the sitting position with the patient in the 45-degree upright position with a six French microtip transducer which was introduced into the bladder for intravesical pressure measurement, and a water perfused balloon catheter was introduced into the rectum for intraabdominal pressure measurement. The bladder was filled at a rate of 20 m/min with saline solution at 37°. Filling was continued until the patient experienced a strong desire to void. A cough stress test was performed at every hundred millilitres of filling. At bladder capacity, pressure-flow studies were performed.
Ultrasound was performed using the Aloka SSD-1400 (Aloka ® Co Ltd, Japan) with the vaginal 5 MHz probe UST-984-5. Ultrasound examination was undertaken with the patient in the supine position with a residual of less than 50 ml, as previously described [5] , applying light pressure. All measurements were made at maximum magnification with the bladder wall being measured perpendicular to the luminar surface of the bladder in the anterior bladder wall, trigone and dome as described by Robinson [5] .
All ultrasound measurements were performed by a single investigator who saw the patients as part of their consultation in the urogynecological outpatient clinic.
Surgical management
Preoperatively, all patients received a single-dose broad spectrum I.V. antibiotic.
After suburethral sling, the patient was placed in the lithotomy position, and a transurethral catheter was inserted.
After midline colpotomy, the tape was identified and cut at the midline. If tape identification was difficult, an 8 Fr Hegar dilator was inserted into the urethra using an appropriate amount of lubricant. The Hegar dilator was then withdrawn with slight pressure on the dorsal urethra and the sling could then be identified by resistance difference after the site of the sling was passed, and the sling was incised until the resistance was gone and the Polypropylene was completely cut.
Vaginal epithelium was closed with interrupted vertical mattress sutures in a single layer using Vicryl® 2-0. Patients with obstruction after Burch colposuspension underwent laparoscopic urethrolysis with removal of the colposuspension stitches, mobilisation of the urethra, and interposition of the omentum.
Patients were followed-up at a median of 11 weeks (range 9-15 weeks) after sling incision or urethrolysis, with urodynamic testing and sonographic bladder wall thickness measurement.
Statistical analysis was performed with GraphPad Prism version 5.0 for Windows (GraphPad Software, San Diego CA, USA). Analysis of variance was used to compare continuous variables. Post hoc multiple comparisons were performed using the Dunn test or Kruskal-Wallis test.
Results 62 patients could be included in the study, 55 of whom had undergone suburethral sling insertion and seven had Burch colposuspension. The time interval between initial incontinence surgery and a diagnosis of obstruction was a median of 14 months (range 3-89 months).
The Table 1 shows demographic data and menopause status.
Patients' symptoms were overactive bladder (OAB) in 42 cases, voiding difficulties in 18, and two patients had both. Figure 1 shows BWT before urethrolysis and at follow-up.
BWT decreased significantly postoperatively from 9.1 mm± 2.1 to 7.6 mm±2.2 (p<0.0001; paired t test). Figure 2 shows the voiding pressure pdet/Qmax that decreased significantly postoperatively from 48.3 cm H2O±12.5 to 18.4 cm H2O±8.2; p< 0.0001(paired t test]).
In seven patients, obstruction was not resolved postoperatively whereas two had a retropubic sling insertion and two Burch had colposuspension. Figures 3 and 4 sub-analyse the voiding pressure pre-and postoperatively in patients with resolution of obstruction and those with persistent obstruction.
Preoperatively, the voiding pressure was not statistically different between the groups (p00.35, paired t test), although there was postoperative significance (p<0.001; paired t test). Figure 5 shows BWT in these cases without resolution of obstruction. BWT did not decrease significantly (9.6 mm± 1.4 vs. 9.8 mm±1.6; p00.09 paired t test).
Preoperative residual urine was significantly lower in the group of patients with successful urethrolysis (median 34 ml, range 9-900 ml) compared to patients with unsuccessful urethrolysis (median 110 ml, range 20-190 ml; p<0.05; Fig. 6 ).
Twenty-nine patients (46.7%) became stress incontinent after urethrolysis, requiring further therapy (conservative therapy involving physiotherapy, pessaries and drug therapy n013; bulking n08; adjustable sling n05; retropubic sling n03).
Discussion and conclusion
Voiding dysfunction is a known complication of surgery to correct stress urinary incontinence since continence surgery is thought to work by causing some level of obstruction [20, 21] . To our knowledge, this is the first study comparing urodynamically obstructed symptomatic patients pre-and postoperatively after urethrolysis.
In obstruction, detrusor hypertrophy may occur and this may be reflected by an increased BWT. Evidence from Abrams [22] suggests that the development of bladder trabeculation may be dependent upon detrusor overactivity rather than bladder outlet obstruction. However, detrusor hypertrophy is characterised by increased collagen deposition and myohypertrophy at the microscopic level and by reduction of cell junctions, abundant protrusion junctions and ultraclose abutments at the ultrastructural level; the latter two features are characteristics of bladder outlet obstruction [23] . Although urodynamic pressure-flow studies are expensive, they are generally considered the gold standard for diagnosing bladder outlet obstruction [24, 25] . We found an excellent correlation between micturition pressure and BWT as well as a highly significant correlation between BWT and urodynamic diagnoses in obstructed patients, which may lead to the conclusion that BWT may be used for these diagnoses instead of pressure-flow studies. A Fig. 1 BWT before urethrolysis and at follow-up Fig. 2 Voiding pressure pre-and postoperatively similar suggestion has been made by Oelke [26] who measured detrusor wall thickness in men and concluded that measuring the thickness of the bladder wall can be used as screening test to detect bladder outlet obstruction. Interestingly, patients with a successful urethrolysis had significantly less preoperative residual than those with unsuccessful urethrolysis. It is possible that a preoperatively elevated residual could be used as marker for successful urethrolysis.
Although the number of patients is small, this could be a useful clinical finding in clinics or hospitals where access to urodynamics is limited. This issue is being evaluated in follow-up studies.
Despite the suggestive label "tension-free vaginal tape", 55 patients in the current study with urodynamic obstruction after suburethral tape insertion were identified, which means that obstruction does occur in women even in tension-free procedures.
Seventy percent of our patients with OAB had been treated with anticholinergics, one patient even had Botox injection. Although pharmacologic treatment was not successful, treating the mechanical obstruction by cutting the tape suburethrally was effective in 90% of our patients. This means that, in patients with outlet obstruction and OAB symptoms post TVT, it might be better to remove the mechanical obstruction rather than administer other treatments. Urodynamically, the obstruction resolved, free flow increased, and BWT decreased significantlly in patients who were successfully treated for obstruction.
In patients whom obstruction persisted due to bladder wall thickness, values were similar to those before urethrolysis, which means that BWT may be a sensitive marker.
Segal [27] suggested urethral dilatation in cases of iatrogenic obstruction secondary to pubovaginal sling using a Walther sound for varying levels of obstruction in 28 women. However, there are concerns about the potentially traumatic nature of dilatation which could induce scarring of the urethra. The cutting of slings instead of a formal urethrolysis may limit morbidity, potential soft tissue and nerve injury and fibrosis from surgical dissection.
Patients with obstruction often present with a variety of LUTS, and diagnosis often remains challenging. Since OAB symptoms are often initially managed by a combination of anticholinergics and behavioural therapy, bladder outlet obstruction is often underreported and definitive therapy may be delayed [28] as in the current study: the median time between initial incontinence surgery and diagnosis was 14 months.
A weakness of the study is that we did not measure the pressure applied during vaginal ultrasound. Pressure and movement on the tissue from the probe could significantly alter the results, therefore we were careful to avoid excessive movements during the examination. Despite attempts to develop standardised urodynamic criteria for female bladder outlet obstruction, none are universally accepted. We applied the definition as described by Blaivas [18] , because we have been using this nomogram for the past ten years both clinically and scientifically, and we consider it useful and easy to understand in a teaching setting.
Another weakness of the study is that the investigator was not blinded to the patients' symptoms as ultrasound measurement was part of the general urogynaecologic consultation; however, at follow-up, the sonographer (AK) was blinded to the urodyamic results as urodynamics were performed in a neighbouring room and the readings were done after ultrasound had occurred. Despite this, there is still a potential for bias by knowing the patients' history and development of symptoms.
Some publications suggest a concomitant stress incontinence procedure after urethrolysis has been achieved. In our study, the incidence of stress incontinence after urethrolysis was 47%. We do not advocate adding stress incontinence surgery at the time of urethrolysis because the rate of recurrent stress incontinence is very variable between 0 and 50% [29] [30] [31] and we are unable to predict in whom this will occur. Additionally, if concomitant continence surgery is performed and the patient continues to have voiding problems, it is unclear whether urethrolysis failed or the continence procedure is obstructive.
We recently showed the correlation of urodynamics and BWT [32] ; the current study adds information to the validity and correlation of BWT and urodynamics in patients who are obstructed. Ultrasound is particularly useful in gynaecology and obstetrics, and it is also widely available in urology, easy to apply, and, when compared to urodynamics, it is less invasive. We cannot determine with certainty if bladder wall thickness is a result of OAB or if it is due to obstruction as BWT is increased in OAB patients [32] .
Future studies will confirm if BWT is entirely reversible and if this correlates with symptoms; long-term follow-up is needed to answer these questions.
